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Allostatic Load and Health in the Older Population of England:
A Crossed-Lagged Analysis
SANNA READ, PHD, AND EMILY GRUNDY, PHD
Objective: Allostatic load, a composite measure of accumulated physical wear and tear, has been proposed as an early sign of
physiological dysregulation predictive of health problems, functional limitation, and disability. However, much previous research has
been cross sectional and few studies consider repeated measures. We investigate the directionality of associations between allostatic
load, self-rated health, and a measure of physical function (walking speed). Methods: The sample included men and women 60 and
older who participated in Wave 2 (2004) and Wave 4 (2008) of the English Longitudinal Study of Ageing (n = 6132 in Wave 2).
Allostatic load was measured with nine biomarkers using a multisystem summary approach. Self-rated health was measured using a
global 5 point summary indicator. Time to walk 8 ft was used as a measure of function. We ﬁtted and tested autoregressive cross-lagged
models between the allostatic load measure, self-rated health, and walking speed in Waves 2 and 4. Models were adjusted for age, sex,
educational level, and smoking status at Wave 2 and for time-varying indicators of marital status, wealth, physical activity, and social
support. Results: Allostatic load predicted slower walking speed (standardized estimate =j0.08, 95% conﬁdence interval [CI] =j0.10
to j0.05). Better self-rated health predicted faster walking speed (standardized estimate = 0.11, 95% CI = 0.08-0.13) as well as lower
allostatic load (standardized estimate =j0.15, 95% CI =j0.22 toj0.09), whereas paths from allostatic load and walking speed to
self-rated health were weaker (standardized estimates = j0.05 [95% CI = j0.07 to j0.02] and 0.06 [95% CI = 0.04Y0.08]).
Conclusions: Allostatic load can be a useful risk indicator of subsequent poor health or function. Key words: allostatic load, self-
rated health, walking speed, cross-lagged, older age.
CI = conﬁdence interval; ELSA = English Longitudinal Study of
Ageing; AIC = Akaike Information Criteria.
INTRODUCTION
Identifying and understanding pathways to poor health, func-tional limitation, and disability has been an intensive area of
research in gerontology, and several models of disability pro-
cesses have been advanced (1Y3). A common motivation for
these models is the wish to identify early sign of disability risks
(as well as later transition points). Most models focus on health
conditions as the starting point of the process, but identiﬁcation
of precursors of morbidity may be valuable both as a means
of elucidating pathways to poor health and for targeting early
intervention. One candidate marker of early signs of bodily dys-
function is allostatic load, an indicator of cumulative physiolog-
ical response to stress based on composite biomarker measures
(4). This has been shown to be associated with risk factors,
morbidity, and other health outcomes in several studies of older
people (5). However, it is unclear from previous research whether
the association between allostatic load and health outcomes is
unidirectionalVfrom allostatic load to later healthVor whether
the association is a reciprocal one with some health measures
predictive of allostatic load (6,7). In this article, we assess the
direction of the relationships between allostatic load, self-rated
health, and walking speedVan indicator of functionVby ﬁtting
cross-lagged models to longitudinal data from a representative
sample of the older population of England.
Allostasis refers to the dynamic regulation process whereby
an individual organism evaluates and responds to environ-
mental challenges (4). The constant need to adapt to environ-
mental demands may have adverse physiological consequences
if frequent and long-term environmental demands lead to a state
of chronic stress. Allostatic load has been proposed as a mea-
sure of the effects of these cumulative processes and an indi-
cator of accumulated stress (8). This model posits that the
pathway to poor health starts with early changes in stress hor-
mones and anti-inﬂammatory cytokines (primary mediators).
The activation of these primary mediators accelerates further
changes in metabolic, cardiovascular, and immune systems,
which represent secondary outcomes on the pathway from stress
reactions to health. Finally, the allostasis-adaptation process may
lead to tertiary outcomes: poor health, disease, and, eventually,
death. Although these pathways have been proposed in the lit-
erature, it has been pointed out that in the allostasis-adaptation
process, relationships between the physiological mediators are
interconnected and reciprocal (6,9). It is not clear to what extent
this also applies to the relationship between allostatic load and
health outcomes such as self-rated health, which may be an early
predictor of morbidity rather than, or in addition to, an outcome
of the disablement process (10).
Several studies have investigated concurrent associations
between allostatic load and other health indicators. Hu et al.
(11), for example, found in a cross-sectional study of older
people in Taiwan that higher allostatic load was associated with
poorer self-rated health and several physical activity difﬁculties,
although associations with activities of daily living and instru-
mental activities of daily living limitationswere not signiﬁcant. In
a longitudinal follow-up of the same study population, Goldman
and her colleagues (7) studied baseline allostatic load and later
health outcomes over a 3-year period. The results suggested that
allostatic load could be an early warning sign of later poor health;
however, the study highlighted the need for further work using
repeated measures. Initial allostatic load level also predicted
frailty in a 3-year follow-up study among older people in the US
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MacArthur Study of Successful Aging (12). Other studies using
the same data reported that baseline allostatic load score predicted
functional decline (13), cardiovascular disease, and mortality in
older people for a 7-year follow-up period (14,15). Thosewith the
highest allostatic load scores experienced the greatest decline in
physical and cognitive functioning. In an earlier study, Seeman
and her colleagues (14) similarly found that allostatic load
was associated with poorer cognitive and physical functioning
and predicted cardiovascular disease and decline in cognitive
and physical functioning. A study of London-based civil servants
also reported that several biomarkers, particularly waist-to-hip
ratio, fasting insulin, triglycerides, and high-density lipoprotein
cholesterol, were associated with self-rated physical decline over
a 3-year interval (16).
The few studies that have investigated changes in allostatic
load and its association with health outcomes generally show
that increases in allostatic load are associated with higher levels
of stress and poorer health outcomes. In the MacArthur Study, a
change in allostatic load was studied over a period of 2.5 years.
Those older people whose allostatic load scores increased were
found to be at higher risk for death, whereas risks were reduced
for those whose allostatic load declined (17,18).
Although these studies suggest that allostatic load may be
used as an early sign of health risks, most have treated allostatic
load as a predictor measured only at baseline and have not
tested reciprocal relationships. We use data from two rounds of
the English Longitudinal Study of Ageing (ELSA) to analyze
the direction of associations between allostatic load, self-rated
health, and walking speed. We also compare results from
models using these as separate indicators and models using a
common factor derived from all three measures. An effective
method to detect sequences of effects in longitudinal settings
is to apply cross-lagged models. This approach allows the
modeling of the autoregressive stability of each measure over
time and the estimation of cross-lagged associations between
them. This makes it possible to investigate reciprocal predictive
relationships and see whether associations are bidirectional or
stronger in one direction than another. In addition to associa-
tions between health measures including allostatic load, many
other factors are known to be associated with allostatic load and
with health outcomes. For example, several recent reviews have
reported that higher socioeconomic status and health promoting
behaviors are associated with lower allostatic load (5,6,19,20).
In addition, better social support is associated with lower
allostatic load (20,21). Higher socioeconomic status, health
promoting behaviors, and social support are also associated
with better self-rated health and a lower level of functional
limitation (22Y25). Accordingly, we investigate and control for
these factors in our models.
In sum, allostatic load is hypothesized to predict health
status, but previous studies have not assessed the direction of
the relationship. Moreover, those previous studies undertaken
as part of the MacArthur Successful Aging study were re-
stricted to those in the top third of the distribution in terms of
physical and cognitive functioning, and it is possible that as-
sociations are different for those with lower levels of health and
function. To ﬁll this gap, we investigate the reciprocal associ-
ation between allostatic load, self-rated health, and functional
limitation (slow walking speed). Our main research question is,
thus, as follows: Does allostatic load predict self-rated health
and functional limitation in older age? We expected that
allostatic load would predict functional limitation, but because
self-rated healthmay be an early predictor of health problems, the
association between self-rated health and allostatic load may be
reciprocal or self-rated health may precede allostatic load. To
assess the direction of associations, we use cross-lagged models
with two measurement occasions. We also test an alternative
model of whether all the health outcomes (allostatic load, poorer
self-rated health, and slower walking speed) measure a common
underlying factor of poor physical functioning.
METHODS
Sample
We use data from the ELSA, a nationally representative longitudinal study
of the older population of England living in private households (26). ELSA
includes people 50 years and older, but because one of the measures we use
(walking speed) was only collected from those 60 years and older, we excluded
participants younger than 60 years. The ﬁrst wave of ELSA was conducted in
2002 to 2003, and respondents have been reinterviewed biennially. Biomarker
and other health measurement data have been collected by nurses in alternate
rounds of the study. Because these data are necessary to calculate allostatic load,
this study is based on data available for Waves 2 and 4. The analysis sample
included 6132 participants in Wave 2 in 2004 to 2005. Numbers with data
available for different measures are shown in Table 1. Participants gave their
informed consent to take part in the study. Ethical approval was given by the
London Multicentre Research Ethics Committee.
Measures
Allostatic load was measured using nine biomarkers obtained during the nurse
visits in Waves 2 and 4 (27; for more details, see Supplemental Digital Content 1,
http://links.lww.com/PSYMED/A151). Five biomarkers were derived from blood
samples: high-density lipoprotein/total cholesterol ratio (in milligrams per deci-
liter; index of risk for cardiovascular disease), triglycerides (in milligrams per
deciliter; index of lipid metabolism), glycosylated hemoglobin (in percent; index
of glucose metabolism over the previous 30Y90 days), ﬁbrinogen (in milligrams per
deciliter; index of inﬂammation and cardiovascular disease), and C-reactive protein
(in milligrams per deciliter; index of inﬂammation and cardiovascular disease).
Four biomarkers were obtained from anthropometric and physical measures:
waist-to-hip ratio, systolic and diastolic blood pressure, and lung function (peak
expiratory ﬂow rate). Waist and hip circumferences were measured twice to the
nearest even millimeter, and the mean of the two valid measures was used.
Blood pressure (in millimeters of mercury) was measured using three readings
collected at 1-minute intervals. The mean of valid readings was used. Lung
function was measured using peak expiratory ﬂow rate, the fastest rate of ex-
halation (in liters per minute). Three measurements were taken, and the highest
satisfactory score was used as the valid one. All of these nine indicators have
been previously used for measuring allostatic load among older participants
(11Y13,28Y30).
For all nine measures, individuals belonging to the highest 25 percentile indi-
cating health risk were identiﬁed using the sample distributions for men and women
(Supplemental Digital Content 1, Table S1, http://links.lww.com/PSYMED/A151).
This method of identifying risk quartiles has frequently been used in creating
composite allostatic load scores (6,14). The proportion of biomarkers for which the
measure placed individuals in the risk group was calculated for each of ﬁve sub-
systems (inﬂammation, cardiovascular, metabolic, body fat, and respiratory). This
was done toweight the score taking account of the number of biomarkers in the ﬁve
subsystems. Theweighted sum score ranged from 0 to 5. Information on at least four
of ﬁve subsystems had to be available to calculate the score.
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Self-rated health was a global evaluation of current health measured on a 5-point
scale, ranging from poor to excellent. Walking speed was used as an objective
measure of functional status because it has been shown to be a good indicator of
overall physical performance (31Y34). Walking speed was measured during the
main interview (for a more detailed description, see Refs. (35,36)). Respondents
were asked to walk a distance of 8 ft (2.44 meters) at their usual walking pace.
Timed from standing position, two attempts were recorded and a mean speed (in
meters per second) of the two walks was used. Walking aids were permitted and
used by 4% of respondents.
Covariates
Age, sex, and education were measured in Wave 2 and treated as time invariant
variables. Age (single years) was treated as a continuousmeasure. Sex and education
were both treated as binary variables distinguishing, respectively, men and women
(with women as the reference category) and those with and without formal edu-
cational qualiﬁcations. The measure of educational qualiﬁcations distinguished
those with qualiﬁcations gained in secondary school or in further or higher edu-
cational establishments from those lacking any such qualiﬁcation. In England,
school-based qualiﬁcations are gained through public examinations generally
taken at around ages 16 and 18 years. In the cohorts considered here, many people
left secondary school without taking these examinations so a large proportion of
the sample have no formal qualiﬁcations, hence our decision to dichotomize
this variable.
Smoking status was treated as a time-invariant variable measured at Wave 2
because there was very little change in smoking status over subsequent waves.
This approach allowed us to create an ordered categorical variable distinguishing
three groups: current smokers, former smokers, and never-smokers. Marital status,
wealth quintile, physical activity, and social support were measured in both waves
to allow time-varying effects as well as cross-time effects (Wave 2 covariates to
Wave 4 health outcomes) to be estimated in the models. Marital status was di-
chotomized (married versus not married) because of small numbers in some
nonmarried subgroups. Wealth quintiles were calculated using nonYpension wealth
indicating ﬁnancial, physical, and housing wealth net of debt. This measure provides
a better estimate of economic status in older people than measures of income (37).
Wealth quintile was treated as continuous in the analysis. Self-reported physical
activity was used to create four categories: sedentary (no physical activity and, if
working, in a sedentary job), low (mild physical activity at least once a week or, if
working, in a job that was mostly standing), moderate (moderate physical activity
at least once a week or, if working, in a job that involved physical work), and high
(vigorous physical activity at least once aweek or, if working, in a job that involved
heavy manual labour) (27). Because the distribution of physical activity was ap-
proximately normal and the association with outcomes linear, it was treated as
continuous in the analysis. Amean score of perceived social support from partner,
children, relatives, and friends was calculated based on responses to three ques-
tions about relationships with each of these groups (38). Thesewere the following:
‘‘How much do they really understand the way you feel about things?’’ ‘‘How
much can you rely on them if you have a serious problem?’’ and ‘‘How much can
you open up to them if you need to talk about your worries?’’ Each item was
assessed on a 4-point scale (1, not at all; 2, a little; 3, some; 4, a lot). The mean was
calculated using the items that were available. People reporting having no partner,
children, relatives, or friends (n = 8) were given a missing value. The internal
consistency of the scale was very good (Cronbach > = .88 in Wave 2 and .91 in
Wave 4). The mean score was approximately normal in distribution and was
treated as continuous in the analysis.
Analysis
Analyses were carried out using Mplus version 7.11 (39). Autoregressive
cross-lagged path models were ﬁtted to examine associations between allostatic
load and health (see the Mplus script for the model in Supplemental Digital
Content 2, http://links.lww.com/PSYMED/A152). Models were adjusted for
age, sex, education, and smoking status at Wave 2 and for the time-varying
covariates of marital status, physical activity, and social support. Allostatic load
was adjusted for fasting and medication use (for details, see the Supplemental
Digital Content 1, http://links.lww.com/PSYMED/A151). Self-rated health was
treated as an ordinal categorical variable. Walking speed was approximately
normally distributed and was treated as continuous in the model. Allostatic load
was also a continuous measure, but its distribution was very skewed (high
proportion scoring 0). For this reason, the measure was treated as censored in
the analysis, and a tobit regression method was used (40). To make the com-
parison of the estimates easier in the model, allostatic load score and walking
TABLE 1. Distributions of Variables (% or Mean and Standard Deviation) Among Men and Women in the English Longitudinal Study of Ageing
All (Wave 2), n With Complete Data (Wave 2; n = 2349) With Complete Data (Wave 4; n = 2349)
Covariates
Age 6132 71.5 (8.33) 69.2 (6.80) V
Female 6132 55.5 54.0 V
No educational qualifications 6127 45.6 35.4 V
Smoking 6131
Never smoked 35.9 40.1 V
Ex-smoker 51.2 49.5 V
Current smoking 12.9 10.4 V
Currently married 6131 62.0 68.6 65.2
Wealth quintile 6064 3.0 (1.39) 3.3 (1.35) 3.4 (1.30)
Physical activity 6075 1.9 (0.88) 2.2 (0.68) 2.0 (0.80)
Perceived social support 5399 4.2 (0.52) 4.2 (0.49) 4.2 (0.50)
Health measures
Allostatic load weighted score 4176 1.5 (1.12) 1.3 (1.06) 1.4 (1.05)
Self-rated health 6073
Poor 6.2 3.5 4.5
Fair 18.0 15.8 17.9
Good 31.6 33.5 35.3
Very good 30.3 32.5 31.5
Excellent 13.9 14.7 10.8
Walking speed, meters/s 5438 0.8 (0.28) 0.9 (0.25) 0.8 (0.26)
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speed were rescaled so that the range for all health measures varied between
1 and 5.
To test further whether all health outcomes (allostatic load, self-rated health,
and walking speed) measure the same underlying latent factor of physical func-
tioning, a common-factor modelwas ﬁtted. In thismodel, each health outcomewas
modeled as a single latent factor and the covariance between the factors at each
timepoint was set to 1. The common-factormodelwas comparedwith themodel in
which allostatic load, self-rated health, and walking speed were treated as separate
variables (Fig. 1). Because these models were not nested, the comparison was
assessed using Akaike Information Criteria (AIC) (41). A smaller AIC value
indicates a better ﬁt to the data.
Maximum likelihood estimation with robust standard errors was used to take
into account any nonnormality in the sample. The analysis was carried out using
full information maximum likelihood, so that all respondents were included re-
gardless of whether they participated in the latter wave or responded to all items.
This approach uses the information on mean and variance of the missing pro-
portion of the variables to incorporate in a statistically appropriate way the infor-
mation for those participants with incomplete data (42). Using full information
maximum likelihood is a less biased and more efﬁcient way of dealing with
missing data than, for example, listwise or pairwise deletion or similar response
pattern imputation (43). The equality of the simultaneous paths was tested using
the Wald test. The Wald test follows the W2 test distribution, with degrees of
freedom deﬁned as the number of parameters in the comparison. A signiﬁcant
p value inWald test indicates that the initialmodel ﬁts better than the alteredmodel.
RESULTS
Descriptive Results
Table 1 shows the distribution of all Wave 2 respondents,
Wave 2 respondents with complete data, andWave 4 respondents
with complete data by variables used in the analysis. Those who
did not provide complete information were older, were more
likely to have no educational qualiﬁcations, and were more likely
to belong to a lower wealth quintile. They were also less likely to
bemarried andmore likely to smoke and report poorer health. By
the end of the 4-year follow-up, people were more likely to have
moved to a higher wealth quintile, but were less likely to be
married or be physically active, and had poorer health, compared
with the Wave 2 baseline.
Cross-Lagged Model
Figure 1 shows results from the application of the cross-
lagged model used to identify reciprocal associations between
allostatic load, self-rated health, and walking speed. Only sta-
tistically signiﬁcant associations are shown. The estimates in-
dicate that allostatic load predicted walking speed, but the path
from walking speed to allostatic load was not signiﬁcant. To test
whether the path from allostatic load to walking speed was
stronger than from walking speed to allostatic load, the paths
were constrained to be equal and tested using the Wald test.
This showed that these two paths could not be set as equal
(Wald test: 16.95 [df = 1], p G .001).
The associations between self-rated health and allostatic
load, and self-rated health and walking speed were reciprocal.
To test whether the strengths of the associations were similar in
Figure 1. Cross-lagged model for self-rated health, allostatic load and walking speed. Signiﬁcant standardized path estimates and 95% conﬁdence intervals in
parenthesis are shown. For the covariates, the waves are indicated (2 = Wave 2, 4 = Wave 4).
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both ways, the paths were constrained to be equal. The Wald
test indicated that the paths between self-rated health and
allostatic load, and between self-rated health and walking speed
could not be set as equal (Wald tests: 6.25 [df = 1; p G .05] and
5.66 (df = 1; p G .05], respectively). The paths were stronger
from self-rated health to allostatic load and walking speed than
the other way round.
An alternative common-factor model was tested to assess
whether all health outcomes (allostatic load, self-rated health,
and walking speed) represented a common factor of physical
functioning. The comparison of the AIC values of the common-
factor model (AIC = 163,338) and the previously tested sepa-
rate variable model (AIC = 162,597; Fig. 1) showed that
keeping allostatic load, self-rated health, and walking speed as
separate measures of health ﬁtted the data better.
To assess whether the different sample size available for
direct calculation of measures affected the results, the models
were repeated for only those who provided allostatic load
measures (n = 4176) or complete data (n = 2349). The estimates
from these models were very similar to those presented from the
full information model (Fig. 1). The largest of the differences in
the magnitude of the estimate was 0.02, and none changed the
interpretation of the model.
Older age, lack of an educational qualiﬁcation, smoking,
lower wealth quintile, current smoking, and lower physical
activity in Wave 2 and fasting in both waves were associated
with higher allostatic load (Supplemental Digital Content 3,
Table S2, http://links.lww.com/PSYMED/A153). Older age,
lack of an educational qualiﬁcation, smoking, lower physical
activity, and a lower level of perceived social support were
associated with poorer self-rated health in both waves. Lower
wealth quintile and not being married were associated with
poorer self-rated health in Wave 2. Older age, being female,
having no educational qualiﬁcation, and lower physical activity
in both waves, and lower wealth quintile and not being married
in Wave 2 were associated with slower walking speed. Except
for the association between Wave 2 perceived social support
and Wave 4 allostatic load and walking speed, there were no
other cross-wave associations from Wave 2 covariates to Wave
4 health measures.
DISCUSSION
The results showed associations between allostatic load, self-
rated health, and functional limitation in line with previous
ﬁndings (7,11Y16) and further suggested that allostatic load
predicts functional limitation. Self-rated health predicted both
walking speed and allostatic load, although there were also
associations (but weaker) other way round. The results are
consistent with allostatic load theory, which conceptualizes
allostatic load as a chronic stressYinduced cumulative biologi-
cal burden predictive of health outcomes (4). Allostatic load
may represent an early warning sign of the disruption of normal
processes and activation of efforts to regain the normal state.
From this perspective, allostatic load may be seen to parallel
active pathology, the ﬁrst step in the disablement process (1).
The results from the comparison of the cross-lagged model with
three separate health measures and the common-factor model
further supported the idea of the disablement process. The re-
lationships between allostatic load, self-rated health, and
walking speed are better presented as an over-time causal chain
(as in the disablement process model) than as a common
measure of simultaneous poor functioning.
The role of self-rated health in the disablement process was
more complex. Although the paths between self-rated health
and walking speed, and self-rated health and allostatic load
were signiﬁcant both ways, the paths from self-rated health to
later allostatic load and walking speed were stronger than the
other way round. This suggests that self-rated health may be an
even earlier indicator of health problems than allostatic load.
This ﬁnding is consistent with previous reports that self-rated
health predicts other health outcomes (10,44,45). Further re-
search is needed to assess the usefulness of self-rated health as
an early indicator in the disablement process.
There are several limitations to this study, including the fact
that we only had data for two repeated-measurement occasions
and so could only investigate one time lag of 4 years. Two
measurement occasions are sufﬁcient to test reciprocal and
unidirectional causal relations between two factors, but multi-
ple waves would make it possible to boost the reliability and test
longer temporal sequences (mediation) between several factors
in disability processes. If three waves had been available, we
could, for example, have determined whether older people’s
subjective evaluation of their health as poor preceded physio-
logical dysregulation, which, in turn, preceded disability.
Multiple waves would also be useful to assess the temporal
pathways between primary and secondary mediators in physi-
ological dysregulation and, in turn, their effect on health out-
comes. To date, there are very few longitudinal studies of aging
(ELSA, Taiwan Social Environment and Biomarkers of Aging
Study) that have collected repeated measures of allostatic load.
When the future waves of data become available in the source
we use here, it will be possible to extend the work in this way.
These results indicate a need to consider the role and relative
value of different measures indicative of cumulative stress and
of health and function. Of the three measures used in this study,
walking speed may seem the least problematic in that it is an
objective measure of functional limitations proximal to dis-
ability (31,32). However, although walking speed is a simple
ﬁeld test, it is subject to missingness due to poor health and
refusal. More importantly, walking speed is an indicator of
functional limitation and so of little value as an early-stage
indicator of later problems, and it is such early-stage markers
that have potentially the most value as indicators of potential
intervention points. Self-rated health, although a convenient
and widely used measure of general health status, is a subjective
measure and known to be inﬂuenced by psychological state and
to vary between populations and population sub groups (46).
Measures such as allostatic load, which are not inﬂuenced by
reporting bias, may be preferable in comparative studies.
However, compared with self-rated health and walking speed,
the allostatic load index is a complex composite. Associations
with health tend to be stronger when using a summary score of
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several biomarkers compared with a single biomarker (13).
Generally, allostatic load is deﬁned as multisystem dysfunctioning
(6). Hence, allostatic load should capture functioning over the
systems and not represent only one. In this study, weighting of
biomarkers within systems was used to avoid overrepresentation
of the metabolic system. There is no standardized way of mea-
suring allostatic load (6,20). The construction of allostatic load
score varies from one study to another, making it difﬁcult to
compare ﬁndings. The cutoffs for risk quartiles have often been
calculated from each speciﬁc study population. Although stan-
dard cutoffs are available for some of the biomarkers, they have
been derived from younger populations and may not be appli-
cable for older participants (47). Given these problems with
measures, the use of structural equation modeling is useful be-
cause measurement errors can be dealt with using latent struc-
tures (39).
In interpreting the results, it is important to note that the
allostatic load score in this study was constructed using sec-
ondary outcomes of stress mediation. Consequently, allostatic
load as presently deﬁned may be closer to health outcomes in the
temporal pathway and less likely to detect early stress-related
physiological changes, for instance, in cortisol, epinephrine, and
norepinephrine (28). Previous studies indicate that primary stress
mediators and secondary stress outcomes are equally effective in
predicting physical health outcomes (13,15).
Despite these limitations, this study adds to our knowledge
about the role and use of allostatic load in studies of the dis-
ablement process by using two repeated measures to assess
directions of association and their strength. Unlike some studies
of allostatic load, particularly the MacArthur studies, which
relate only to the highest performing section of the older pop-
ulation, we used data drawn from a nationally representative
sample. Our results in summary indicate that allostatic load can
be a useful early predictor of later problems in functioning.
Considering that allostatic load comprises an array of subclin-
ical symptoms means that it is important to identify those who
may be at risk for using the subclinical values in several sub-
systems at the same time. However, more understanding of
interactions between the subsystems and treatment methods is
needed. Especially in old age, the usefulness of general popu-
lation cutoff values and the deﬁnition of ‘‘normal’’ values be-
come harder to determine. Further research on allostatic load,
including work on deriving standard composite scores for dif-
ferent age groups, is needed to maximize the potential of this
measure as an indicator of opportunities to intervene to prevent
adverse trajectories to poor health and disablement.
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